Summary. In order to assess the changes in nerve function 5 years after the diagnosis of diabetes mellitus and the determinants of progression of neuropathy, we studied 113 Type 2 (non-insulin-dependent) diabetic patients and 127non-diabetic control subjects. Motor and sensory nerve conduction velocities were measured at the time of diagnosis of diabetes and 5 years later. At both examinations conduction velocities and response amplitudes were lower in diabetic patients than in control subjects. During the follow-up sural nerve conduction was impaired in both diabetic and control subjects, but, in general, changes in neurophysiological parameters were slight and inconsistent. In 12 diabetic patients nerve function deteriorated significantly during the followup. These patients had higher glycaemic indices at both examinations and lower baseline blood pressure levels as compared to the rest of the diabetic patients. No differences between these patient groups were found in other baseline risk factors (age, obesity, use of alcohol, smoking, serum insulin levels, albuminuria, lipids). In conclusion, Type 2 diabetic patients have disturbed nerve function at the time of diagnosis, but neurophysiological impairment during the next 5 years is on the average slight. Poor glycaemic control seems to be the most important risk factor in the deterioration of nerve function in these patients.
Only a few studies have reported on the natural history of diabetic neuropathy and its determinants, or "risk factors", especially in patients with Type 2 (non-insulindependent) diabetes mellitus. In short-term follow-up studies an improvement in nerve conduction after institution of therapy in newly-diagnosed diabetic patients has been described [1, 2] . On the other hand, it is known that the prevalence of diabetic neuropathy increases with the duration of diabetes [3] . Increased prevalence of neuropathy has been found to be related to poor glycaemic control [3, 4] , but recently other determinants of neuropathy, e.g. traditional cardiovascular risk factors [5] , have also been suggested.
A confounding factor in assessing peripheral neuropathy is that ageing per se is associated with degeneration of the nervous system and decrease of nerve conduction velocities [6, 7] . Therefore, it is essential that an adequate non-diabetic control population is included, when diabetic neuropathy and time-related changes in nerve function in middle-aged and elderly populations are investigated.
This study was a part of a larger multi-disciplinary study on non-insulin-dependent diabetes and its complications [8, 9] . We have previously shown, that patients with non-insulin-dependent diabetes have decreased nerve conduction velocities and diminished response amplitudes compared with the non-diabetic population at the time of diagnosis [10] . The present study was conducted in order to assess the change of nerve conduction parameters 5 years after the diagnosis of diabetes, and the determinants for deterioration of nerve function in these patients and in control subjects.
Subjects and methods
The baseline study population consisted of 132 patients with newlydiagnosed non-insulin-dependent diabetes mellitus, aged 45-64 years and 142 randomly selected non-diabetic control subjects from the same age group. Both groups were recruited from a defined area with 180,000 inhabitants in the county of Kuopio in Eastern Finland during the years 197%1981 [8] . Approval for the study was given by the Ethics Committee of the University of Kuopio and the University Central Hospital. Informed consent was given by all subjects.
The diabetic patients (69 men~ 63 women) were referred to the study by physicians working in community health centres and by pri-vate practitioners working in the survey area. The diagnosis of diabetes, primarily made in the clinical setting [8] was confirmed by an oral glucose tolerance test using the diagnostic criteria recommended by the WHO [11] . Patients with previously diagnosed hyperglycaemia, secondary diabetes, renal insufficiency, thyroid diseases, malignancies, overt psychiatric disorders or alcoholism or those in institutional care were excluded from the study. At the time of diagnosis all the patients were non-ketotic and none required insulin treatment for at least 3 months after diagnosis. The nondiabetic control subjects (60 men, 82 women) from the same area and age group were randomly selected from the population registers. The same exclusion criteria used for diabetic patients were applied to the control group. The formation of the study population, their representativeness and methods of the baseline examination have been described previously in detail [8, 101 . Th e 5-year follow-up examination of diabetic patients and control subjects was conducted in 1985 and 1986 [12] .
Eighty diabetic patients participated in a diet intervention study lasting i year [13] . Other patients were referred to primary health care after the baseline examination and the same applied also for the participants of the diet intervention study after its completion. During the follow-up nine diabetic patients (six men, three women) and two control subjects (one man, one woman) died. The data given are those of the 113 diabetic patients (58 men, 55 women) and 127 control subjects (55 men, 72 women), who participated in the neurophysiological examination both at the baseline and 5-year follow-up (87.6 % of the original population).
Methods
The examinations at the 5-year follow-up study were carried out, whenever possible, according to the same methods and by the same personnel as at the baseline study. 
Neurophysiological examination. Nerve conduction velocity (NCV)
measurements were made by two neurophysiologists (J. L., K.H.) with a two-channel DISA 1500 electromyograph with signal averager (Dantec, Skovlunde, Denmark).
Motor NCVs of the median and deep peroneal nerves, antidromical sensory NCVs of the median, radial, sural and superficial peroneal nerves were measured by conventional methods with surface electrodes. Sensory NCVs in radial, sural, and superficial peroneal nerves were measured bilaterally and the results of both sides were averaged. Other NCVs were measured principally on the left side. The right side was used if a traumatic or surgical nerve lesion (e. g. sciatica) was suspected on the left side. If no response could be 69 obtained on either side, the subject was not included in the analysis of this nerve. All NCV studies were done at a room temperature between 22-24~ The effect of temperature on NCVs was controlled by statistical methods [14] . Skin temperatures were measured with an ELLAB TE 3 thermometer (Elektrolaboratoriet A/S, Copenhagen, Denmark).
Laboratory examinations. An oral glucose tolerance test was performed using a 75 g glucose dose. Whole venous blood samples were taken before the test with the patient fasting and at 1 and 2 h after glucose administration. Samples for serum insulin were taken into pre-chilled tubes, centrifuged and stored without delay at -20~ until analysed.
At the basefine examination blood glucose was determined by a glucose oxidase method (Glox; Kabi AB, Stockholm, Sweden). At the 5-year examination plasma glucose was determined by a glucose dehydrogenase method (Merck Diagnostica, Darmstadt, FRG). To compare plasma glucose values with blood glucose values at the baseline, blood glucose levels were multiplied by 1.12. HbA1 was measured by column chromatography (Quick-Sep Fast Hemoglobin Test System; Isolab Inc., Akron, Ohio, USA, normal range 5.5-8.5%). At both examinations serum insulin was determined by radioimmunoassay (at baseline: antiserum M 8309, Novo, Copenhagen, Denmark; at the 5-year examination: Phasedeph; Pharmacia, Uppsala, Sweden).
Statistical analysis
Analysis of co-variance (ANCOVA) was used in the statistical analysis for continuous variables between the groups for controlling the effect of age and other confounding factors. Highly skewed distributions (plasma insulin, serum triglycerides) were normalised by logarithmic transformations before the statistical analysis. Chi-square or Fisher's test were used for dichotomous variables. Differences in NCV values at the baseline and 5-year examination were analysed by Student's paired t-test. Before the analysis both baseline and 5-year NCV values were adjusted to skin temperature of 33~ by regression analysis. Differences between diabetic and control groups in response amplitudes were assessed by Mann-Whitney U-test and time-related changes within the group by Wilcoxon's test.
A probability level ofp < 0.05 was considered as statistically significant.
Results
The baseline clinical characteristics of the diabetic patients and control subjects are shown in Table 1 . At baseline, diabetic patients were older, more obese and had higher serum total triglycerides and lower HDL cholesterol (but not total cholesterol) levels compared with non- Fig.2 . Fasting-and post-glucose 1-and 2-h plasma glucose levels (mean + SD) at baseline (left panel) and 5-year examination (right panel) in neurophysiologically deteriorated (O) and non-deteriorated ( 9 diabetic patients. * p < 0:05 deteriorated vs non-deteriorated patients diabetic control subjects. Also, the frequency of hypertension was markedly higher in diabetic patients than in control subjects. At the 5-year examination no significam difference in mean age was found between the diabetic and control groups (59.1 + 5.7 vs 58.0 + 5.1 years for men; 62.3 + 5.5 vs 59.1 + 5.6 years for women). The diabetic patients were more obese than control subjects (BMI 28.4+3.7 vs 26.7 + 3.5 kg/m 2 for men, p = 0.001; 29.0 + 5.2 vs 27.6 + 4.8 kg/m 2 for women,p = 0.229, ANCOVA controlling for age). On the average, metabolic control was poor among diabetic patients at the 5-year examination as estimated by fasting plasma glucose (11.5 +3.8 mmol/1 for men, 12.4 + 3.9 mmol/1 for women) or UbA1 (8.9 + 1.9 % for men, 9.8 + 1.9 % for women).
Time (h}
At the 5-year examination 50 (44.2%)diabetic patients were treated with diet only, and 58 (51.3 % ) were on oral therapy. Insulin treatment had been started in 5 (4.4 % ) patients.
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The mean NCVs at the 5-year examination were lower in diabetic patients than in control subjects (p values: median motor < 0.001, deep peroneal motor < 0.001, median sensory0.058, radial sensory <0.001, sural sensory < 0.001, peroneal sensory < 0.002, ANCOVA controlling for age and height). Figure i shows NCVs at baseline and 5-year examination. Sural nerve sensory NCV decreased significantly during the follow-up in both diabetic patients and control subjects. In diabetic patients superficial peroneal NCV also decreased. Otherwise changes between baseline and 5-year examinations were slight and inconsistent.
Response amplitudes were smaller in diabetic patients than in control subjects at both examinations (Table 2 ), especially at .the 5-year examination. During the 5-year follow-up amplitudes tended to diminish, particularly in diabetic patients, in control subjects the changes were more inconsistent.
No significant differences were found in baseline nerve conduction parameters between those subjects who died during the follow-up and those who participated in the 5-year examination.
In 12 diabetic patients, but in none of the control subjects, a significant impairment (an NCV progressing from normal to pathological, defined as a decrease below the 95 % confidence limit of the baseline value of the sex-specific control group, or a previously normal response that could not be elicited at 5-year examination, or both) was found in at least three nerves of six measured. In Table 3 these patients, referred to as the "deteriorated" group are compared with the rest of the diabetic patients, or "nondeteriorated" group, regarding various risk factors. Both fasting and post-glucose plasma glucose values (Fig. 2) and HbA~ levels were significantly higher in the deteriorated compared with the non-deteriorated group. Blood pressure values, both systolic and diastolic, were significantly higher in the non-deteriorated than in the deteriorated group. No significant differences were found for the other risk factors.
Two of 12 patients (16.7 %) in the deteriorated group and three of 101 (3.0 %) in the non-deteriorated group (p = 0.08) were being treated with insulin at the 5-year examination.
Discussion
Nerve conduction velocities were significantly lower and response amplitudes smaller in diabetic patients than in non-diabetic control subjects. This phenomenon can be seen at the time of diagnosis of non-insulin-dependent diabetes [10] due to the fact that the diagnosis of non-insulin-dependent diabetes can be preceded by a long period of disturbed glucose metabolism [15] , during which functional and structural alterations may develop in peripheral nerves. Interestingly the changes in neurophysiological parameters during the follow-up were on average slight and insignificant in most of the nerves, even in diabetic patients. Normal age-related degeneration of peripheral nerves [7] explains why some impairment was .also seen in non-diabetic subj ects.
We used only neurophysiological methods at the 5-year examination because they are sensitive and objective indicators of neuropathy and also easy to quantify [16] . Certainly, valuable information would have been gained by clinical neurological investigation; this will be included in the forthcoming 10-year examination.
Even if the changes in neurophysiological parameters during the 5-year follow-up were, in general, small, we could identify 12 diabetic patients of 113, in whom nerve function had significantly deteriorated during the followup. In these patients glycaemic indices at both examinations were significantly higher than in the rest of diabetic patients. This finding favours the idea of hyperglycaemia as the major determinant of deterioration of nerve function in diabetes. Our result is in agreement with that of Hillson et al. [17] , who followed-up newly-diagnosed patients with non-insulin-dependent diabetes and found that deterioration of vibration sense during 5 years was correlated with the degree of hyperglycaemia, although the deterioration in general was slight. Association between slowing of NCV and poor glycaemic control has been shown in young Type 1 (insulin-dependent) diabetic patients [18] and also in untreated non-insulin-dependent diabetes [2, 19] , but no reports from controlled long-term 71 studies of development of NCVs in relation to metabolic control and other possible risk factors in non-insulindependent diabetes are available.
In addition to hyperglycaemia, other risk factors that have been found to be related to diabetic neuropathy include serum lipids, hypertension, smoking [5] , retinopathy, proteinuria [18] , use of alcohol [20] , age and male gender [21] . In our study, among other risk factors only blood pressure levels were significantly lower in the deteriorated compared to the non-deteriorated group. The significance of this finding is unclear and needs confirmation before any conclusions can be drawn. In other studies results opposite to this have been found [5, 21] . None of the above-mentioned factors were shown to be a significant risk factor for impairment of nerve conduction in our patients. Most of the previous studies on risk factors for diabetic neuropathy have been cross-sectional and included mainly patients with insulin-dependent diabetes, who were considerably younger than our patients. Therefore the results of these studies are not directly comparable with our study, although it has been suggested that very few differences in the risk factor profiles for diabetic complications exist between the two types of diabetes [221.
In conclusion, it seems that the degree of hyperglycaemia is the strongest correlate of deterioration of nerve function in non-insulin-dependent diabetes and the postulated effects of other risk factors on diabetic neuropathy are of minor importance. Thus, improvement of glycaemic control is the most effective way to prevent the progression of neuropathy in patients with non-insulindependent diabetes.
